Objective: The butyrophilin-like 2 (BTNL2) G16071A gene polymorphism has been implicated in the susceptibility to granulomatous diseases, but the results were inconclusive. The objective of the current study was to precisely explore the relationship between BTNL2 G16071A gene polymorphism and granulomatous disease susceptibility by the meta-analysis including false-positive report probability (FPRP) test.
Introduction
Granuloma is defined as a small collection of lymphocytes and activated macrophages (including epithelioid cells, multinucleated giant cells). [1] In addition, the fibroblasts and granulocytes also can be counted. The aggregated abnormal granuloma always results in pseudotumorous lesions. [2] In fact, sarcoidosis, tuberculosis (TB), Crohn disease (CD), and Wegener granulomatosis (WG) are common diseases that are characterized by a similar histopathological feature, namely, immune-mediated granulomata. [3] [4] [5] [6] However, the etiology of granulomatous diseases is unclear. According to the previous studies, the environmental exposures, immune disorder, and inflammatory reaction appear to play an essential role in the pathogenesis of granulomatous diseases. [7] [8] [9] Saboor et al found that there was a significant proportion of patients with sarcoidosis having mycobacteria in their lungs. [10] Additionally, the immunohistochemical staining of sarcoid granulomas shows majority of lymphocytes as CD4 + T cells, whereas the periphery of the Editor: Anser Azim.
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granuloma is made up of CD4 + as well as CD8 + T cells. [11] Currently, increasing evidence indicated that the host genetic susceptibility was also closely associated with granulomatous disease susceptibility. [12] [13] [14] As the above-described immune and inflammatory reactions are important to granulomatous diseases pathogenesis, the genes encoding antigen presentation and recognition molecules including human leukocyte antigen (HLA), cytokines, receptors, etc., are among those that are mostly implicated as the genetic factors of granulomatous diseases. [15] Recent candidate gene studies further identified a number of susceptibility loci with the HLA II alleles (e.g., HLA-DR and HLA-DQ) representing the main contributor to granulomatous disease susceptibility across patients of different ethnicity. [16] [17] [18] The butyrophilin-like 2 (BTNL2) gene was first identified by comparing the mouse and human genomic sequences at the major histocompatibility complex class II and class III regions. [19] It is located at the border of the human HLA class II and class III regions of chromosome 6p21.3, and is in strong linkage disequilibrium with HLA-DRB1 and -DQB1 genes. [19] However, the important role of BTNL2 gene has yet to be fully investigated.
As a member of immunoglobulin superfamily, BTNL2 shares significant sequence homology with B7 family members that are crucial regulators of T-cell activation and tolerance. [20] [21] [22] [23] Furthermore, a recent study in a mouse model has shown that BTNL2 binds to a putative receptor on activated T cells and inhibits T-cell proliferation. [24] As a consequence, dysfunction of the BTNL2 could impair the normal T-cell regulation and response to antigens. In recent years, 1 important polymorphism named G16071A (rs2076530) in BTNL2 gene has been wildly investigated, and it involves a G → A substitution leading to an alternative splice site that causes an early stop codon and a truncated protein. [25] Earlier studies found that the BTNL2 gene might be responsible for the pathogenesis of Dermatophagoides farinae-specific immunoglobulin E responsiveness and Kawasaki disease. [26, 27] Interestingly, many recent studies have indicated that there was a relationship between BTNL2 G16071A gene polymorphism and granulomatous diseases including sarcoidosis, TB, etc. [28, 29] Rybicki et al found a strong association between BTNL2 G16071A gene polymorphism and sarcoidosis susceptibility in white population. [30] A similar result was reported by Milman et al and Spagnolo et al. [31, 32] However, the study conducted by Lian et al suggested that there was no association between BTNL2 G16071A polymorphism and TB susceptibility in Chinese population, [28] similar to the result of Johnson et al. Furthermore, Mochida et al showed that there is no significant association between BTNL2 G16071A gene polymorphism and CD susceptibility. [33, 34] The results of those genetic association studies were inconclusive. Moreover, a single study may be too underpowered to detect a possible slight effect of the BTNL2 G16071A gene polymorphism on granulomatous disease susceptibility; especially the sample size is relatively small. Considering the critical role of BTNL2 G16071A gene polymorphism in the pathogenesis of granulomatous disorders, we performed a meta-analysis to precisely investigate the association of BTNL2 G16071A gene polymorphism with the likelihood of granulomatous diseases. Furthermore, to avoid the "false-positive report," we further assessed the significant associations that were observed in the current meta-analysis by the false-positive report probability (FPRP) test. To our knowledge, this is the most recent and accurate meta-analysis performed to explore the effect of BTNL2 G16071A gene polymorphism on susceptibility to granulomatous diseases.
Materials and methods

Study selection
We performed a systematic literature search in the PubMed, Embase, and Wanfang databases, and the China National Knowledge Internet, to identify studies involving the association between BTNL2 G16071A gene polymorphism and granulomatous disease susceptibility up to April 1, 2016 . The key words were as follows: "granulomatous" or "granulomatous diseases" or "granulomatous inflammation" or "granulomatous lesions" or "granuloma" or "sarcoidosis" or "tuberculosis" or "TB" or "Crohn's disease" or "CD" or "Wegener's granulomatosis" or "WG" or "leprosy," "BTNL" or "BTNL2 G16071A" or "BTNL2 rs2076530," and "polymorphism" or "variant" or "mutation." Additionally, we also carried out a web-based search using many commercial Internet search engines (e.g., Google and Baidu), using the same keywords. Furthermore, the reference lists of the obtained articles were also reviewed. The language was restricted to English or Chinese. All analyses were based on previously published studies; thus, no ethical approval and patient consent are required.
Inclusion and exclusive criteria
The inclusive criteria were as follows: a study designed as case-control study, a study involving association between BTNL2 G16071A gene polymorphism and granulomatous disease (sarcoidosis, TB, CD, WG, or leprosy) susceptibility, a primary study providing available data for calculating the odds ratio (OR) and 95% confidence interval (CI), and the genotype distributions in the control group following the Hardy-Weinberg equilibrium (HWE). The excluded items were as follows: abstract or review and a study that did not provide available allelic or genotype frequency for counting OR and 95% CI. All analyses were based on previously published studies; thus, no ethical approval and patient consent are required.
Quality score evaluation
The qualities of included studies were assessed by the Newcastle-Ottawa Scale (case-control study), to estimate quality based on 3 aspects including selection, comparability, and exposure in the primary study. The total score ranged from 0 to 9, and 0 to 3, 4 to 6, and 7 to 9 were considered low, moderate, and high quality, respectively. In addition, we assessed the quality of the studies in a consensus meeting with all authors.
Date extraction
Two independent reviewers (Xiang Tong and Yao Ma) extracted the information from each study and used a predesigned data extraction Excel form. If there was a disagreement, a third reviewer (Xundong Niu) further assessed these articles. The following information was collected: first author, publication year, country, ethnicity, age of participant, genotype and allele distribution, sample size, granulomatous disease type, and genotyping method. 
Statistical analysis
The current meta-analysis was performed using the STATA 12.0 software. Before performing the meta-analysis, the HWE was evaluated by x 2 test in the control group of each study. We used OR and 95% CI to investigate the strength of association between BTNL2 G16071A gene polymorphism and granulomatous disease susceptibility. The x 2 statistics test and I 2 test were used to evaluate the heterogeneity. The OR would be assessed using a random-effect model if the heterogeneity was considered statistically significant (P < 0.10 and I 2 > 50%). Otherwise, the pooled OR was calculated by the fixed-effect model. In addition, meta-regression was used to explore the sources of between-study heterogeneity. We investigated the association between BTNL2 G16071A gene polymorphism and granulomatous disease susceptibility in the dominant model (AA + AG vs GG), recessive model (AA vs AG + GG), codominant models (AA vs GG, AG vs GG), and allele model (A vs G). To evaluate ethnicity and types of disease-specific effects, subgroup analyses were performed by ethnicity and types of diseases for BTNL2 G16071A gene polymorphism. Publication bias was assessed using several methods including funnel plot and Begg and Egger test. The sensitivity analysis was conducted to evaluate the stability of results by excluding individual study each time.
Moreover, to evaluate whether significant associations (P < 0.05) detected in the present study are "noteworthy," we further calculated the FPRP value at a probability level of 0.001 and an OR of 1.5. In the FPRP test, we set a FPRP cutoff value of 0.2 as suggested by a previous study, [35] and only the results with FPRP <0.2 were considered "noteworthy."
Results
Study characteristics
In total, all 56 articles were identified when we initially searched in PubMed, Embase, and Wanfang databases, China National Knowledge Internet, and commercial Internet search engines according to the search strategy ( Fig. 1 ). Seventeen studies were excluded because they were duplicated studies. Fourteen articles were removed after initial screening of titles and abstracts. After further, full-view screening, 3 articles were excluded because they investigated the relationship between granulomatous disease susceptibility and other polymorphisms (CNV_ID 507 polymorphism, BAT1-LTA-TNF-BTNL2 gene, etc.) [36] [37] [38] rather than BTNL2 G16071A polymorphism. Two review articles were eliminated [24, 39] ; 1 article was not included because it was not designed as a case-control study. [40] Two articles did not extract the available data to further count the pooled OR and 95% CI [41, 42] ; 1 article was excluded because it mainly included family members of patients with sarcoidosis rather than healthy people in the control group, and 1 article was repeated. [43] Thus, all 15 articles were identified. However, according to the results of HWE test, 1 of them [44] was excluded because it did not meet the HWE in the control group. Finally, all 14 eligible case-control studies were included in the current meta-analysis. [25, [28] [29] [30] [31] [32] [33] [34] [45] [46] [47] [48] [49] [50] In addition, the quality score found that all studies were considered as moderate to high quality. The characteristics of selected studies are listed in Table 1 . Genotype distributions for each case-control study are shown in Table 2 . 
Overall meta-analysis results
In final, all 4324 cases and 4386 controls from 14 studies were enrolled in the meta-analysis on the association between the BTNL2 G16071A gene polymorphism and granulomatous disease susceptibility. We used the random-effect model to estimate the pooled ORs because the results of x 2 and I 2 tests suggested a notable heterogeneity (P < 0.001, I 2 = 72.7%). By total analysis, the results suggested that there is a significant association between the BTNL2 G16071A gene polymorphism and granulomatous disease susceptibility in dominant genetic model (AA + AG vs GG: OR = 1.41, 95% CI = 1.09-1.84, P = 0.010), recessive genetic model (AA vs AG + GG: OR = 1.40, 95% CI = 1.15-1.72, P = 0.001), homozygote genetic model (AA vs GG: OR = 1.70, 95% CI = 1.23-2.33, P = 0.001), and allele model (A vs G: OR = 1.25, 95% CI = 1.07-1.45, P = 0.005) (Figs. 2 and 3). But there is no association between the BTNL2 G16071A gene polymorphism and granulomatous disease susceptibility in heterozygote genetic model (AG vs GG: OR = 1.25, 95% CI = 0.98-1.59, P = 0.068) (Fig. 2) . The results of overall meta-analysis are summarized in Table 3 .
Meta-regression analysis and subgroup analysis
In view of a notable heterogeneity, we performed a series of univariate meta-regression analyses by adding single covariates including ethnicity, the types of granulomatous diseases, genotyping methods, and quality of the studies to assess the possible confounding factors. As listed in Table 4 , the metaregression analyses showed that a large proportion of the between-study heterogeneity was significantly attributed to the ethnicity (AA vs AG + GG, P = 0.043; AA vs GG, P = 0.023; A vs G, P = 0.013) and the types of granulomatous diseases (AA + AG vs GG, P < 0.001; AA vs AG + GG, P = 0.027; AA vs GG, P = 0.002; AG vs GG, P = 0.002, A vs G, P = 0.002). Hence, we carried out subgroup analyses on ethnicity and types of diseases. As listed in Table 3 , in the subgroup analysis by ethnicity, we found a statistically significant relationship between BTNL2 G16071A gene polymorphism and granulomatous disease susceptibility in Caucasians (11 case-control studies) (AA + AG vs GG: OR = 1.55, 95% CI = 1.19-2.01, P = 0.001; AA vs AG + GG: OR = 1.52, 95% CI = 1.25-1.84, P < 0.001; AA vs GG: OR = 1.92, 95% CI = 1.43-2.59, P < 0.001; AG vs GG: OR = 1.34, 95% CI = 1.04-1.73, P = 0.025; A vs G: OR = 1.37, 95% CI = 1.18-1.58, P < 0.001) and in Africans (only 1 study) (AA + AG vs GG: OR = 0.61, 95% CI = 0.38-0.96, P = 0.033; AA vs GG: OR = 0.57, 95% CI = 0.35-0.91, P = 0.019; A vs G: OR = 0.78, 95% CI = 0.64-0.96, P = 0.018) (Fig. 4) , but not among Asians (2 case-control studies).
As summarized in Table 5 , by the subgroup analysis by types of diseases, we observed a significant association between BTNL2 G16071A gene polymorphism and sarcoidosis susceptibility (9 case-control studies) (AA + AG vs GG: OR = 1.90, 95% CI = 1.59-2.27, P < 0.001; AA vs AG + GG: OR = 1.65, 95% CI = 1.46-1.87, P < 0.001; AA vs GG: OR = 2.40, 95% CI = 1.98-2.91, P < 0.001; AG vs GG: OR = 1.60, 95% CI = 1.33-1.93, P < 0.001; A vs G: OR = 1.52, 95% CI = 1.39-1.66, P < 0.001) (Fig. 5) . However, we did not find any significant association between BTNL2 G16071A gene polymorphism and CD, WG, and TB susceptibility (2, 1, 2 case-control studies, respectively).
Publication bias and sensitivity analysis
The funnel plot is a symmetrical inverted funnel (Fig. 6) . No publication bias was found in the Begg (P = 0.743) and Egger (P = 0.695) tests. Additionally, we executed a sensitivity analysis by sequentially excluding studies from the meta-analysis to investigate the influence of each study on the pooled results. The result of sensitivity analysis revealed that the pooled ORs were not materially altered, suggesting the stability of our meta-analysis (Fig. 7) . 
FPRP test results
Moreover, we further investigated the significant associations (P < 0.05) found in the present meta-analysis by the FPRP test sheet. As listed in Table 6 , according to the results of FPRP test, we confirmed that the BTNL2 G16071A gene polymorphism was associated with sarcoidosis susceptibility in all gene models. On the other hand, the FPRP test suggested a truly significant association of BTNL2 G16071A gene polymorphism and granulomatous disease susceptibility only in Caucasians. Table 5 Summary results of subgroup analysis by disease types in different genetic models. 
Genetic models
Discussion
In the current meta-analysis, by the total analysis, we found that BTNL2 G16071A gene polymorphism significantly increased the likelihood of granulomatous diseases. However, a notable heterogeneity was observed. Although the heterogeneity can be taken into account by using the random-effect model, it would increase the probability of type I error. Combining the results of the previous studies [51] [52] [53] and those of the present study, we speculated that the following factors may have contributed to the significant heterogeneity: different types of granulomatous diseases may be caused by some different mechanisms; there are different genetic and demographic characteristics of Caucasian, Asian, and African populations; each study had different genotyping methods; included studies had different quality; the included studies were of differing sample size; included studies involved different sex and age. Hence, we conducted univariate meta-regression analyses to identify the source of heterogeneity. The results suggested that the ethnicity and different types of granulomatous diseases could explain a large proportion of the heterogeneity (A vs G: adjusted R 2 = 50.34%, 68.72%, P = 0.013, 0.002, respectively), but the quality of included studies and genotyping methods did not explain much of it.
Therefore, we further conducted subgroup analyses by ethnicity and types of diseases. By ethnicity, the meta-analysis indicated that BTNL2 G16071A gene polymorphism may increase granulomatous disease susceptibility among Caucasians and Africans, but not in Asians. Interestingly, the results by types of diseases suggested that the likelihood of sarcoidosis would be observably increased in people who carry A allele of BTNL2 G16071A polymorphism, whereas the BTNL2 G16071A gene polymorphism did not increase the CD, TB, and WG susceptibility.
Several previous studies indicated that the published "statistically significant" results for genetic variants have been proven to be a false-positive finding, even for large and well-designed studies. [54, 55] Fortunately, as we know, we can use the FPRP test to estimate the true significant associations. The FPRP is calculated based on the statistical power of the test, the observed P value, and a given prior probability for the association. So, for the positive consequences of the present meta-analysis, we further investigated whether an association between BTNL2 G16071A gene polymorphism and granulomatous disease susceptibility is "noteworthy." The results of FPRP test detected that the BTNL2 G16071A gene polymorphism actually increases sarcoidosis susceptibility in all gene models. Additionally, the FPRP test also confirmed that the BTNL2 G16071A gene polymorphism could increase granulomatous disease likelihood only among Caucasians. Surprisingly, the significant association of African group in the present meta-analysis was proved to be false-positive at the level of a prior probability, which was 0.001. Granulomas is thought to form as a consequence of a crippled immunological response against an unidentified antigen resulting in the progressive accumulation and activation of Th1 clones (CD4 + and CD8 + T cells). [56, 57] In addition, the percentage of T cells was increased in bronchoalveolar lavage fluid from patients with sarcoidosis, where they typically made up 20% to 60% of the total cell count. Moreover, a series of studies found that the presence of both a/b T-cell receptors that recognize antigens in a major histocompatibility complex class II-restricted manner is essential for T-cell activation in sarcoidosis. [58] There have been a number of studies indicating association between T cell, HLA class II antigens, and sarcoidosis. [16] However, the role of Figure 7 . The result of sensitivity analysis on association between BTNL2 G16071A gene polymorphism and granulomatous disease susceptibility. CI = confidence interval.
Table 6
The results of FPRP test in each gene model. BTNL2, which is located in close proximity to the HLA class II and class III regions, was unknown. In fact, BTNL2 is a small immunoglobulin-like ectodomain with a C-terminal transmembrane helix and an N-terminal signal peptide anchoring the protein to the membrane of antigenpresenting cells. [20, 22] A previous study found that BTNL2 has a structural homology with B7 family of costimulatory molecule protein, which plays an important role in cross-talk between B and T lymphocytes. [20, 59] Furthermore, a recent study determined that BTNL2 can inhibit T-cell proliferation in an IL-2-independent manner and also has a further undefined interaction with B cells in a mouse model. [24] These studies showed that the BTNL2 molecule functions to inhibit T-cell activation, which has impacts in granulomatous diseases such as sarcoidosis. Interestingly, the BTNL2 G16071A polymorphism could cause the BTNL2 protein to turn into a truncated product lacking the immunoglobulin C domain and the transmembrane helix, further disrupting the membrane localization and influencing the immunological function. [45] Despite the fact that the mechanisms by which BTNL2 G16071A gene polymorphism is involved in the granulomatous disease susceptibility are still unclear, combined with the results of previous studies and those of the present study, our hypothesis was that individuals with the BTNL2 truncated product could have a stronger T-cell response or an uncontrolled proliferation of activated T cells, depending on which T-cell subset was affected the most. This could be a disadvantage in granulomatous diseases, especially sarcoidosis, because the pathogenesis of granulomatous diseases presumably involves an instigating antigen that is presented to T cells.
Moreover, despite the fact that a previous study has found the strong linkage of the BTNL2 G16071A with HLA-DRB1 and -DQB1 genes, Valentonyte et al and Rybicki et al have confirmed that the association between BTNL2 gene polymorphism and sarcoidosis susceptibility was independent of HLA class II alleles, which represent the strongest genetic likelihood factors to sarcoidosis identified to date. [25, 30] Furthermore, the study conducted by Spagnolo et al had suggested that the BTNL2 G16071A gene polymorphism played a role independent of HLA-DRB1 alleles in non-Löfgren sarcoidosis. [31] However, a series of studies still reported that there is an association between the BTNL2 G16071A and the likelihood of granulomatous diseases (sarcoidosis, CD, and TB), which resulted from linkage disequilibrium with HLA-DRB1. [31, 33, 34] In addition to this, it has been recently found that strong associations between BTNL2 G16071A gene polymorphism and a number of diseases including type 1 diabetes, multiple sclerosis, and Graves disease were actually due to linkage disequilibrium with various HLA-DRB1 alleles, suggesting the difficulty to assign primary associations to particular HLA or non-HLA genes because of the highly variable and long-range linkage disequilibrium (LD) within this genomic area. [60] [61] [62] Unfortunately, because sufficient primary data for included studies were lacking, we failed to further perform analyses to evaluate whether the BTNL2 G16071A is an independent likelihood factor for granulomatous diseases. Hence, to explore whether the BTNL2 gene polymorphism is independent of the known HLA-DRB1 alleles, finer mapping and more robust LD analyses across HLA region will be needed in the future.
Even so, several limitations of our meta-analysis were also found. First, only published studies were included in a few databases, and a publication bias may have occurred. Second, because sufficient data for each included study were lacking, we failed to perform further subgroup analysis to investigate the granulomatous disease likelihood factors such as gene--environment/gene-gene interaction, sex, age, etc., which might affect our results. Third, the data of this meta-analysis were mainly from Caucasians, so the results might apply to only the ethnic group. Finally, the sample size (Africans, Asians, CD, TB, and WG groups) is relatively small, so the meta-analysis results involving those groups had insufficient power to reveal the reliable association. Despite these limitations, we minimized the likelihood of bias through the whole process by taking a detailed protocol, by performing study identification, data selection, and statistical analysis, as well as in the control of publication bias. Anyway, the reliability of the results is guaranteed.
In summary, the present study suggested that BTNL2 G16071A gene polymorphism may be a likelihood factor for granulomatous disease susceptibility, especially for sarcoidosis. And it may be strongly associated with granulomatous disease susceptibility among Caucasians. However, further welldesigned studies are needed in order to confirm the results in the future.
